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PREFACE 


This  study  was  prepared  to  £ul£ill  the  Air  Coeaand  and  Sta££ 
College's  requlresent  for  a  sta££  problem  solving  project.  As  a 
research  associate  to  the  Leadership  and  Management  Development 
Center  (LMDC),  1  prepared  this  document  In  the  £ormat  best  suited 
to  LMDC  and  specl£led  In  an  LMDC/AN  letter,  30  October  1984, 
subject  "SPS  Projects.”  Hence,  there  are  numerous  deviations 
from  the  standard  Air  Command  and  Sta££  College  study  £ormat,  the 
more  obvious  being  a  double-spaced  £lnal  product  and  the  method 
of  documenting  source  material.  However,  LMDC  generally  follows, 
the  American  Psychological  Association  (APA>  format  which  la 
familiar  to  most  researchers. 

1  faced  e  significant  challenge  In  satisfying  the  potential 
audiences  for  this  project.  First,  LMDC  sponsored  this  endeavor 
and  may  use  It  to  further  their  orgenlzatlonsl  objective  of 
enhancing  effectiveness  end  productivity  within  the  Air  Fdrce. 
Second,  staff  problem  solving  projects  are  an  Important  part  of 
the  Air  Commend  and  Staff  College's  curriculum  and  are  evaluated 
as  such.  Finally,  the  study  may  be  provided  to  Air  Force  staff 
and  line  agencies  Interested  In  orgenlzatlon  structure  and 
technological  InnoveL'on.  Clearly  the  above  audiences  require 
different  approaches  to  the  presentation  of  research.  I  have 


iii 


_ CONTINUED  - 

conproMlaed  and  provided  soae  detail  and  technical  inforr.^t:lon 
for  the  potential  researcher*  while  providing  background 
Inforaation  and  interin  conclusiona  for  those  leas  familiar  with 
organization  nanagement  theory  and  weapons  ayatens  acquiaition  in 
the  Air  Force.  For  those  desiring  more  information  on 
specialized  areas*  the  source  material  is  available  at  most 
university-equivalent  libraries. 

I  selected  the  topic  of  orgenizstion  structure  and 
technological  innovation  because  of  prior  academic  work  at  .  Purdue 
University's  Krannert  Graduate  School  of  hanagement.  While 
enrolled  in  the  Strategic  Nanagement  portion  of  the  H.  S.  in 
Nanagement  program*  I  concentrated  on  the  management  of 
technology.  This  study  is  a  natural  continuation  of  previous 
education  and  focuses  where  technology  can.  further  our  ability  to 
meet  national  security  ob^ectives--in  military  weapons  systems. 
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EXECUTIVE  SUMMARY 

Part  of  our  College  mission  is  distribution  of  the 
students’  problem  solving  products  to  DoD 
sponsors  and  other  interested  agencies  to 
enhance  insight  into  contemporary,  defense 
related  issues.  While  the  College  has  accepted  this 
product  as  meeting  academic  requirements  for 
graduation,  the  views  and  opinions  expressed  or 
implied  are  solely  those  of  the  author  and  should 
not  be  construed  as  carrying  official  sanction. 


‘insights  into  tomorrow' 


REPORT  NUMBER  85-0165 

AUTHOR(S)  major  THOMAS  J.  BARTOL,  USAF 

TITLE  ORGANIZATION  STRUCTURE  AND  TECHNOLOGICAL  INNOVATION 
IN  THE  AIR  FORCE 

I.  Purpoaa:  To  dataraln*  i£  organization  atructura  can  anhanca 

tha  integration  o£  naw  tachnology  Into  Air  Forca  waapona  ayataaa 

v' 

II  •  Pro  1  act  Fraanawork;  Tha  Air  Force  la  dapandant  upon 
tachnology  to  anaura  wa  can  neat  our  national  aacurlty 
objaetlvaa.  Acqulaltlon  o£  naw  wwapona  ayataaa  la  axpanalva  and 
a  algnl£lcant  portion  o£  tha  Air  Force  budget.  However, 
organizational  changaa  which  could  poaalbly  Incraaaa  3ur 
capability  to  aaat  acqulaltlon  goala  are  .alatlvaly  Inazpanalva. 
Through  an  analyala  o£  organization  atructura  and  technological 
Innovation,  tha  atudy  praaanta  charaetarlatica  o£  organlzatlon'a 
likely  to  Innovate.  Haxt,  the  project  addreeaea  technology  and 
organization  atructura  in  tha  Air  Forca  and  looka  at  aoba 
aal acted  Air  Forca  Syataaa  Coaaand  organ izat.lona.  Tha  report 
anda  with  project  conclualona. 


. _ CONTINUED  _ _ 

III.  Discuaslon  of  AnalviT  Th«r  study  approach  was  developed 
In  raaponsa  to  tha  problaa  stataaant,  “Can  organization  structure 
snhanca  tha  Integration  of  now  technology  inio  Air  Force  weapons 
aysteas?**  In  order  to  resolve  this  problem,  the.  first  step  is  to 
determine  the  relationship  between  organization  structure  and 
technological  innovation.  From  a  review  of  innovation  research, 
the  most  approp,.iate  case  for  this  analysis  was  a  study  in  the 
health  care  industry  by  John  Kimberly  and  Hichael  Evanisko  in 
1981.  The  study,  “Organizational  Innovation:  The  Influence  of 
Individual,  Organizational,  and  Contextual  Factors  on  Hospital 
Adoption  of  Technological  and  Administrative  Innovations**, 
provided  empirical  evidence  of  a  correlation  between 
organizational  variables  and  adoption  of  technology  into  sn 
or janization.  The  second  step  in  the  study  approach  was  to 
determine  if  recognition  of  the  above  relationship  can  affect 
integration  of  technology  into  Air  Force  weapons  systems.  The 
analysis  examined  the  structure  of  Air  Force  organizations 
responsible  for  acquisition  of  weapons  systems  and  reviewed  the 
procedurea  for  weapons  systems  acquisition  to  determine  how  the 
Air  Force  acquires  new  technology.  It  was  determined  that  most 

.  s 

program  offices  are  organized  in  the  matrix  organization 


CONTINUED 


atructura.  Finally,  a  ravlaw  o£  acqulaltlon  procaduraa  revealad 
tha  Air  Forca  can  influanca  tha  organization  atructuraa  o£ 
approprlata  aaroapaca  contractora  involvad  in  Air  Forca  pro3acta. 

IV.  Conclualona;  Tha  ovarall  concluaion  o£  tha  atudy  ia  that 
tha  problaa  atataaant,  "Can  organization  atructura  anhanca  tha 
Intagration  o£  naw  tachnology  into  Air  Forca  waapona  ayataac?**  ia 
a££iraativa.  Tha  concluaiona  laading  to  dataraination  o£  tha 
problaa  atataaant  ara  thac  organization  atructura  anhancaa 
tachno.^ogieal  innovation  and  raeognition  o£  tha  abova 
ralationahip  can  a££act  tachnology  intagration  into  Air  Forca 
Waapona  ayataaa. 

V.  Racoaaandationa  for  Futura  Raaaarch;  Thia  atudy  would  ba 
coaplaaantad  by  futura  raaaarch  into  two  araaa.  Firat,  it  t#ould 
ba  banaficial  to  dataraina  tha  innovation  cliaatai  in  tha  Air 
Forca.  Thia  raaaarch  would  invaatigata  whathar.  tha  military 
institution  diacouragaa  innovation.  Tha  aacond  rMomnandad 
futura  raaaarch  laaua  ia  a  atudy  of  how  military  contracta  affact 
dafanaa  contractora.  It  %#ould  ba  product! va  to  dataraina  tha 
Organizational  charactar  of  coapaniaa  involvad  in  dafanaai-%M>rk 
varaua  thoaa  in  tha  puraly  privata  aactor  and  draw  concluaiona  on 
tha  raaulting  tandancy  for  tachnological  innovation. 
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CHAPTER  I 

IHTRODUCTIOM 

PurpcRt 

This  project  analyzM  th*  ralatlonahlp  b*twMn  organization 
atructura  and  tachnological  innovation  and  focuaan  on  whathar 
knowladga  of  thia  ralatidnahip  can  anhanca  tha  Intagration  of  naw 
tachnology  into  Air  Porca  t*aapona  syatana.  In  a  apaaeh  to  tha 
Air  Fore  a  Aaaociation  in  Saptanbar  1983>  Sacratary  of  Dafansa 
Caapar  Wainbargar  atatad,  **I  hava  notad  tha  firat  two  crucial 
alaaanta  of  Anar lea 'a  military  airpowar:  our  paopla  and  our 
tachnology.  Tha  third  la  aora  difficult  to  daacrlba.  But  wa 
navar  could  hava  takan  to  tha  air  without  tha  alaaant  of 
laaoination.**  <Wainbargar»  13S3,  p.  99>  Thia  papar  addraaaaa 
two  of  tha  abova  thraa  alaaanta  oi  aaroapaca  powar  outlinad  by 
Sacratary  Wainbargar- -tachnology  and  iaaglnation.  Tha  projaet  ia 
tied  to  an  on-going  aarlaa  of  atudlaa  eoiiductad  by  tha  Air  Forca 
Laadarahip  and  Nanagaaant  Davalopaant  Cantar  <LNOC>  at  Haxwall 
Air  Forca  Baaa,  Alabama.  Aa  ralatad'in  a  1984  LHDC  atudy* 

A  Fiald  Study  of  Air  Forca  Qroaniaation  Strueturaa.  (Conlon, 

Daft,  Auatin,  and  Short)  Haadquartara  Unitad  Stataa  Air  Forca 


had  rsquestad  raaaarch  aaalatanca  in  the  area  of  organization 
structuraa.  A  4  Deceeber  1981  letter  fron  Headquartara  USAF/MPHO 
atai.ed,  **The  Air  Force  doee  not  have  a  capability  to  make  an 
objective,  a  priori  coepariaon  o£  the  advantages  and 
diaadvantages  of  alternate  techniques  of  organizing  and  utilizing 
people  to  acccsplish  sission  requiresenta. **  (Cited  in  Conlon 
et  al.,  1984,  p.  3)  Previous  LMDC  research  focused  on  several 
portions  of  the  organlzstionsl  structure  issue.  These  include 
studies  on  the  satrix  fere  of  organization  structure  and  **non- 
traditional**  organization  structures.  Having  a  background  in 
organizational  aanageaent,  and,  in  particular,  the  nanageaent  of 
new  technology,  Z  discussed  with  LMDC  their  intereet  in 
sponsoring  a  project  relating  organization  structure  and 
technological  innovation.  Approval  was  granted  in  October  1984 
to  proceed  with  this  study  as  an  adjunct  to  the  above  LMDC 
research  effo|rt. 

! 

gYtryitM 

This  study  is  organized  into  two  aajor  arena.  First,  the 
report  addresses  a  literature  search  and  analysis  of . the 
relationship  between  organization  structure  and  technological 
innovation.  Thie  ]>ortion  is  provided  in  Chapter  ZZ.  Second,  the 
r<.port  looks  at  technology  and  organization  structure  in  the  Air 
Force.  Chapter  ZZ;[  addreeeSe  the  second  aajor  area.  The  paper 


ends  with  conclusions  in  Chspt^r  IV 


The  above  organization  £lows  from  the  logic  in  resolving  the 
the  problem  stet«^Bent»  **Can  organization  structure  enhance  the 
integration  of  new  technology  into  Air  Force  weapons  systess?'* 

In  order  to  resolve  this  problem,  the  first  step  is  to  determine 
the  nature  of  the  relationship  between  organization  structure  and 
technological  innovation.  Assuming  empirical  evidence  exists 
correlating  organization  structure  and  technological  innovation, 
tha  second  step  is  to  determine  if  knowledge  of  the  above 
relationship  can  enhance  integration  of  technology  into  Air  Force 
weapons  systems.  This  will  be  accomplished  by  reviewing  the 
procedures  for  t«eapons  systems  acquisition  to  determine  how  the 
Air  Force  acquires  new  technology  and  examining  the  structure  of 
Air  Force  organizations  responsible  for  integreting  technology 
into  weapons  systems.  Finally,  the  problee  statement  is 
affirmative  given  empirical  evidence  ^at  organization  structure 
enhances  technological  innovation  and  that  recognition  of  the 
relationship  between  organization  structure  and  technological 
innovation  can  affect  the  integration  of  new  technology  into  Air' 
Force  i#eapone  systems. 

Pi^tc^  .fnitygrt 

The  significance  of  this  project  is  that  the  Air  Force  is 
increasingly  dependent  on  technology  to  meet  pstiona^  security 
objectives:  As  depicted  in  the  September  1984  issue  of 


D»fensa  64.  *102  billion  oi  tho  19d3  Dopartaont  of  Dafenae  budget 
was  appropriated  for  procurement  and  research,  development,  test, 
and  evaluation  purposes.  This  expenditure  represented  43  percent 
of  the  total  defense  budget.  New  technology  Is  of  particular 
Importance  to  aerospace  forces.  Air  Force  Manual  1-1,  Basic 
Aerospace  Doctrine.  IS  March  1964,  addresses  the  technology  Issue 
as  follows: 

The  challenge  Is  to  equip  today's  forces  Sufficiently 
while  developing  the  aerospace  forces  to  fight  and 
win  tomorrow's  war.  The  capability  to  win  tomorrow's 
war  demands  that  Air  Force  research  and  developt.;int 
efforts  must  not  only  exploit  new  technologies,  they 
must  also  push  the  limits  of  technology  to  discovery 
and  breahthrough.  (AFM  1-1,  1964,  p.  4-9> 

The  above  significance  provides  the  framework  for  this  project. 
Without  digressing  Into  a  detailed  study  of  the  future  direction 
of  aerospace  warfare,  clearly  t#e  will  continue  tp  push  the  limits 
of  the  lower  atmosphere  outward  Into  space.  This  biophysical ly 
hostile  ainvlronment  will  demand  further  reliance  on  technology  as 
we  posture  our  aerospace  forces  to  meet  our  future  national 
security  objectives. 

Figure  1  graphically  depicts  the  framework  from  which  this 
project  was  developed.  Winning  tomorrow's  war  depends  on 
technology.  Technology  Is  only  one  of  sev'.»ral  determinants 
of  battlefield  success. and  technology  Itself  Is  a  function  of 
several  factors  including  financial  resources,  personnel,  and 
organization.  Moreover,  any  contribution  from  an  organizational 
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■anage»<>nt  parapactXva  to  our  ob^activa  o£  anauring  the  latest 
technology  for  Air  Force  weapons  systens  is  relatively  easy  and 
inexpensive  with  respect  to  today's  research  and  development 
expenditures.  In  summary,  it  is  recognition  o£  the  relationship 
between  organization  structure  and  technological  innovation  from 
which  this  project  can  possibly  assist  future  Air  Force 
warfighting  capabilities. 
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Figure  1.  The  Framework 


CHAPTER  II 


ORGANIZATION  STRUCTURE  AND  TECHNOLOGICAL  INNOVATION 


i  • 


j  • 


This  chapter  providaa  th«  foundation  for  tha  study  and 
addraaaaa  tha  ralationahip  batwoan  organization  structure  and 
technological  innovation.  The  early  pert  of  the  chapter  presents 
background  on  organization  theory*  organization  structure  and 
design*  and  technological  innovation.  Next*  the  body  of  the 
chapter  discusses  the  relationship  between  organization  structure 
and  technological  innovation  and  analyzes  research  in  the  health 
care  industry  on  the  influence  of  individual*  contextual*  and 
organizational  factors  on  technological  innovations.  The  chapter 
ends  with  an  analysis  of  the  above  relationships. 

To  set  the  context  for  this  chapter*  the  structure  of  an 
organization  is  an  Isportant  tool  for  aepsgers*  particularly  when 
facing  new  technologies  or  changing  strateglss.  As  Peter  Orucker 


A  business  should  always  analyze  its  organization 
structure  when  its  strategy  changes.  Whstever  the 
reason- -a  change  in  narket  or  in  technology* 
diversification  or  new  objectlvee-'a  change  in 
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strategy  requires  a  new  analysis  of  the  key  activities 
and  an  adaptation  of  the  structure  to  thea. 

(Drucker,  1974,  p.  S32> 

Another  contextual  factor  possibly  affecting  technological 
innovation  within  organizations  Involves  the  size  of  the 
organization  itself.  Large  organizations  are  required  to 
accomplish  such  of  the  research  involving  sophisticated  weapons 
syatess.  This  is  necessary  in  order  to  effectively  utilize  the 
large  amount  of  resources  required  to  develop,  test,  and  produce 
technologically  complex  systems.  However,  it  is  generally 
accepted  that  these  same  large  organizations  foster  resistance  to 
change.  In  other  words,  large  organizations  are  needed  to 
integrate  new  technology  into  complex  systems,  however  their 
institutionalized  nature  provides  barriers  to  change.  Analysis 
of  empirical  research  relating  structure  and  innovation  follows. 


A  thorough  presentation  of  organization  structure  must 
include  a  brief  discussion  organizational  management.  As 
previously  explained,  structure  can  be  a  tool  for  the  manager  to 
meet  organization  goals.  Hot#ever,  there* are  many  other  tools 
included  in  a  msnsger^s  organizational  toolkit.  Theae  include 
jwb  design,  reward  systems,  group  and  individual  behavior, 
control  and  feedback  mechanisms,  and  organizational  strategies. 


Thia  report  focusea  aolely  on  organization  atructure,  but  all 
organizational  aanaganant  factora  are  intardapandant.  It  la 
clear  that  an  organlzatlon'a  atructura  aa  a  alngle  £actor  cannot 
accoapllah  organization  taaka*  however  the  poorly  dealgnad 
atructura  pan  put  aarloua  barriara  Into  an  organization  and 
prevent  accoapllahaant  of  organization  goala  and  objectives. 

Organization  structure  Is  defined  as  the  way  organizations 
are  sagaentad  Into  units  and  the  pattern  of  relationships  asong 
the  units.  (Author's  notes,  AS  6dl,  1979)  Thera  are  four 
coaaonly  accepted  structures  In  organizing  for  Innovation. 

First,  a  product  organization  is  structured  around  an 
organization's  product  lines.  For  exaeple,  Proctor  and  Gamble 
aay  have  several  divisions  each  Involved  In  research, 
development,  productipn,  and  marketing  a  single  product.  Within 
a  product  organization  structure  there  might  be  s  toothpaste 
division,  soap  division,  and  numerous  other  groups  representing 
product  lines.  A  second  structure  Is  project  managemenrt.  In 
which  the  organization  structure  normally  follows  a  project  from 
design  to  completion.  In  the  military,  organlzstlone  reeponslbl 
for  major  new  construction  initiatives  use  project  management 
structures.  In  a  typical  construction  company,  a  project 
management  organization  would  be  formed  to  aupervlse  all 
activities  for  a  large  project.  The  organization  would  disband 
upon  completion  of  the  project.  The  third  structure  Is 
organization  by  scientific  discipline.  These  structures  are 
often  used  in  basic  research,  for  example  in  research 
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laboratories  or  colleges  and  universities.  A  typical  college  of 
science  would  contain,  among  others,  biology,  chemistry,  and 
physics  departments.  The  newest  structure  is  matrix 
organization.  Matrix  organizations  contain  two  lines  of 
responsibility.  In  a  typical  matrix' organization,  groups  or 
individuals  would  he  responsible  to  a  project  chief  while  also 
representing  a  scientific  discipline.  I  worked  in  a  matrix 
organization  in  1977  while  assigned  to  the  Air  force's  Space  and 
Missile  Systems  Organization.  As  a  project  engineer,  ay  team  of 
five  engineers  was  responsible  for  all  engineering  activities  at 
a  Minuteman  missile  flight  consisting  of  one  launch  control 
center  and  ten  launch  facilities.  Our  team  had  representatives 
from  various  engineering  disciplines.  However,  all  the  team 
engineers  also  reported  to  chief  engineers  of  their  particular 
discipline.  More  recently,  hybrid  organization  structurea^  have 
been  developed  which  go  beyond  matrix  structure  and  are  normally 
tailored  to  a  particular  organizational  requirement. 

A  final  definition  is  organization  design.  Organization 
design  is  determining  and  developing  the  most  effective  structure 
for  a.  set  of  units  or  an  organization  as  a  whole.  (Author's 
notes,  AS  6S1,  1979)  The  design  function  normally  involves 
manipulating  three  factors:  aggregation,  intraunit  relationships; 
and  interunit  relationships.  Of  course,  the  objective  6f  any 
oi ganization  design  effort  is  to  match  the  structure  for  the  most 
efficacious  means  to  meet  the  organization's  goals  and 


objectives. 

Organization  Structure  and  Deslon 

One  Milestone  in  organization  structure  theory  occurred  in 
1967  with  Lawrence  and  Lorach'a  publication  o£  Organization  and 
Environaent;  Managing  Differentiation  and  Integration.  This 
classic  work  advanced  a  contingency  theory  of  organization 
structure  in  which  there  was  a  need  to  fit  the  organization  to 
its  several  external  environnenta.  Differentiation,  which  is  the 
analysis  of  external  environaental  conditions  and  their  resultant 
responses,  and  'ntegration.  which  involves  the  coordinated 
internal  interactions,  nust  be  balanced  for  successful 
organizational  perfornance.  An  application  of  this  approach  was 
presented  in  a  Gerstenfeld  and  Susiyoshi  article  (1980>  titled. 
"The  Nanagenent  of  Innovation  in  Japan --Seven  Forces  That  Make 
the  Difference",  which  stated: 

Integration  and  differentiation  are  recognized  as 
necessary  for  affective  organizations  and  these 
appear  well  balanced  in  Japan  while  in  the  United 
States  the  differentiation  rather  than  the 
integration  is  often  eaphasized.  It  is  more 
coanon  in  the  United  States  that  the 
differentiation  portion  of  the  formula  is  much 
more  dominant,  and  indeed  ddversary  relation-  . 
ships  continually  exist  particularly  between 
marketing  and  R  &  D.  (Gerstenfeld  and  Susiyoshi. 

1980.  p.  31) 

A  later  approach  to  organization  structure  is  the  Galbraith 
framework  presented  in  the  LMDC  study  (Conlon  et  al.)  in  1984. 

The  major  determinant  in  this  framework  is  the  organization's 
strategy  and  resulting  iilements  of  goals  and  objectives. 


envlron»*nt,  huaan  reaourcaa,  and  tachnology.  Without  a  review 
of  the  original  Galbraith  work.  It  appears  the  framework  la  one 
of  constz^alnts  Imposed  by  the  above  four  elements  and  resulting 
strategy.  This  appears  as  another  contingency  approach  to 
organization  structure. 

This  author's  approach  to  organization  structure  and  design 
la  Information-baaed.  In  other  words,  the  single  most  Important 
determinant  to  organization  structure  Is  the  Information 
processing  needs  of  the  Individ*  isilz  and  groups  assigned  to  the 
tasks.  Following  this  logic,  orgvnlzatlons  should  be  structured 
to  facilitate  the  required  Information  flow  both  Into  and  out 
from  the  Individuals/groups  which  make  up  the  work  units.  For 
example,  work  which  demands  extensive  coordination  requires  an 
organization  structure  that  provides  easy  access  to  Information 
from  other  work  units.  However,  the  information  needs  of  an 
assembly  line  worker  are  minimal  and  a  highly  structured 
organization  Is  most  appropriate.  This  approach  Is  also  a 
contingency  approach  as  differing  Information  needs  require 
different  responses.  Naruta,  In  a  1980  Research  Hanaaement 
article  titled,  **The  Management  of  Innovation  In  Japan--The 
Tetaurl  Way'*,  wrote  that  successful  Innovation  In  on  apanese 
laboratory  resulted  from  a  organization  which  put  all  disciplines 
of  professionals  Into  an  open  space  to  encourage  and  facilitate 
information  flow.  The  professionals  were  free  to  speak  out  and 
communicate  when  necessary. 
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Technological  Innovation 

Thia  aection  begins  with  a  da/inition  of  technological 
innovation.  Jaeas  Bright  atataa  technological  Innovation  aa: 

A  unique  chronological  proceaa  involving  acienca, 
technology,  econoaica,  entrepreneur ah ip,  and  aan- 
ageaent  ia  the  aediua  that  tranalatea  scientific 
knowledge  into  physical  realities  that  are 
changing  society.  This  process  of  technological 
Innovation  is  the  heart  of  the  basic  understand¬ 
ing  which  the  coapetent  aanager,  the  effective 
technologist ,  the  sound  governaent  official,  and 
the  educated  aeaber  of  society  should  have  in 
the  world  of  toaorrow.  (Bright  cited  in  Twias, 

1980,  p.l) 

The  iaportance  of  technology  in  today's  society  is  well 
docuaented.  Additionally,  technology  is  developing  at  an 
increasing  rate.  In  a  1979  article,  **Stiaulsting  Technological 
lnnovation--Nurturing  the  innovator**,  Nerrifield  wrote, 

"Moreover,  90s  of  our  knowledge  in  the  sciences  has  been 
generated  in  the  last  40  years,  and  auch  of  that  in  the  United 
States'*.  (Kerrlfield,  1979,  p.  12>  In  the  U.  S.  ailitary, 
reliance  on  qualitative  superiority  of  our  forces  and  equlpaent 
ia  a  basic  tenet  of  our  strategy.  Secretary  of  Defense 
Weinberger  stated,  "Overall  the  Soviets  putnuaber  ue  two  to  one 
in  tactical  aircraft;  yet  the  United  States,  faced  by  e  potentie. 
adversary  with  far  larger  ground  forces,  relies  heavily  on  high- 
quality  air  support  to  redress  the  ailitary  balance." 

(Weiribargpr,  1983;  p.  99)  This  concept  is  also  captured  in  Air 
Force  doctrine.  As  written  in  Air  Force  Manuel  1-1,  Basic 

Atyof ptgB. ,Bg,gtr.lnt  <i984>: 
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Providing  v.hla  £orc*  Involves  selecting  rallable 
systems*  In  adequate  numbers*  and  with  the  capability 
to  .survive  and  be  maintained  In  all  combat 
environments.  National  military  objectives  describe 
this  as  developing  a  strong  force  prepared  to  "fight 
at  whatever  level  of  Intensity  necessary  and  for  as 
long  as  necessary  to  ensure  that  the  OS  postwar 
position  Is  superior  to  that  of  any  adversary." 

<AFM  1-1*  1984*  p.  4-8) 

Who  are  the  technological  innovators?  Most  research 
relates  Innovators  In  the  private  sector  with  entrepreneurial 
qualities.  Roberts  of  the  Massschusetts  Institute  of 
Technology  <clted  In  Twlss*  1980*  p.  15)  showed  the 
characteristics  of  technical  entrepreneurs  as: 

1.  50  percent  cane  from  homes  where  the  father  Is 
self-employed 

2.  well-educated 

3.  early  thirties 

4.  developmental  oriented  rather  than  research  oriented. 

Janes  Brian  Quinn*  in  his  article*  "Technological 
Innovation*  Entrepreneurship*  and  Strategy"*  wrote  "To  solve  the 
world's  problems*  we  need  innovation  on  a  large  scale.  Our  only 
hope  is  to  make  room  for  the  invantive  approaches  of 
entrepreneurs  in  our  large  organizations."  (Quinn*  1979*  p.  73) 
Quinn  relates  that  entrepreneurial  innovation  has  historically 
been  responsible  for  meeting  new  human  needs.  According  to 
Quinn*  some  of  the  more  important  factors  that  allow 
entrepreneurs  to  succeed  while  others  fail  are  summarized  below: 
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1.  Fanatlclsa/CoaaltKcnt .  Large  organizations  typically 
second-guesa  non-tradltlonal  Ideas  and  personnel  pressures 
discourage  any  fora  of  aberrant  behavior.  In  some  cases, 
individuals  need  to  pursue  their  Ideas  In  a  fanatical  way  with 
total  coaaltaent. 

2.  Chaos  acceptance.  Many  innovators  are  terribly 
disorganized  and  enjoy  the  chaos  of  developaent.  Horaover, 
progress  Is  not  haapered  by  fear  of  failure  or  control  systeas 
which  require  lengthy  justification  and  explanation  of  failures. 

3.  No  detailed  controls.  Early  estlaates  and  projections 
for  aarkets  and  products  are  frequently  wrong  and  seldoa 
justify  further  pursuit.  For  example.  Initial  market  estimates 
repeatedly  Indicated  a  requirement  for  only  5,000  xerographic 
aachlnes  and  a  total  computer  market  of  300  units.  (Oulnn,  1979 
p.73) 


Quinn  further  advocates  that  large  firms  can  be  Innovative,  but 
current  approaches  stifle  creativity.  Some  of  the  well - 
documented  examples  of  Innovative  large  organizations  ore  IBM, 
Xerox,  3H,  and  ATfiiT'a  Bell  Laboratories.  Common  factdrs  In  the 
successes  of  these  corporations  were  strong  Incentives  for 


successful  development,  longer-term  time'  horizons,  multiple 
competing  approaches,  and  committed  product  champions. 


Twiss  (1980) 


presented  factors  from  highly  creative  scientists  which  enhanced 


creativity  In  their  organizations.  The  top  four  factors  which 


w«r«  positlvaly  corr*lat«d  with  craatlvlty  were: 

1.  Fraadoa  to  work  on  araas  o£  graataat  Intaraat 

2.  Racognltion  and  appraciatlon 

3.  Broad  contacta  with  atlaulatlng  collaaguaa 
4*  Encouragaaant  to  taka  rlaks. 

Tha  factors  which  laaat  anhancad  craatlvlty  wara: 

1.  Craatlvlty  training  programs 

2.  Criticism  by  suparvlsors 

3.  Ragular  parformanca  apr^^i**^**  (Twlss,  19fi0,  p.'  74) 

In  summary,  tho  body  of  lltaratura  on  tachnologlcal 
Innovation  appaars  to  agraa  on  savaral  factors.  Whlla  larga 
organizations  can  afford  tha  rasourcas  nacassary  to  parform 
complax  tachnologlcal  rasasrch,  oftan  tha  cllma'.a  and  anvlronmant 
for  producing  Innovatlva  work  axlsts  In  smallar  antrapranaurlal 
antarprlsas. 


Ralatlonshlp  Batwaan  Organization  Structul-a 
aid  Tachnologlcal  Innovation 

ABBggfgatft 

Whlla  pravlously  addrasslng  multlpla  organizational  factors 
Influanclng  tachnologlcal  Innovation,  this  sactlon  focusas  on 
organization  atructura.  In  Productivity.  Tachnoloov.  and 
Capital.  Cold  (1979)  ralataa  nuaarous  alaaants  of  Japanasa 


•uccass  in  advancing  tachnology.  A  dominant  organization 


structura  factor  waa  fawar  intardapartaantal  barriars.  Intarunit 
intagration  waa  aaphaaizad  and  loyalty  to  ovarali  corporata 
idantitiaa  waa  auch  highar  than  to  dapartaantal  unita.  Another 
view  ia  froa  a  RAND  Corporation  atudy,  "Introducing  Technological 
Change  in  a  Bureaucratic  Structure",  by  Hoffaan  and  Archibald 
(1968).  Thia  paper  advocated  the  taak  force  approach  to 
organization  atructura.  "The  extant  that  raconaandationa  are 
likely  to  be  iaplaaantad  and  innovative  idaae  generated  and  acted 
upon  ia  undoubtedly  a  function  of  aeaningful,  individual 
participation  in  the  change  proceaa."  (Hoffaan  and  Archibald, 
1968,  p.  30)  Another  atudy  of  technological  aucceaa  in  Japan 
alao  aaphaaizad  the  taak  force  approach.  In  a  eheaical  reaearch 
group,  (Naruta,  1980,  p.  41)  the  atudy  concluded,  "Thua  we 
believe  in  an  inforaal  and  flexible  organization  which  ia  able  to 
aobilize  the  collective  knowledge  of  the  ataff." 

Robert  Prochaaka,  in  an  article  "The  Hanageaent  of 
Innovation  in  Japan--tthy  It  la  Sudceaaful",  (1980)  providea  a  . 
alightiy  different  view  froa  the  taak  force  approach.  However,  a 
aiallar  idea  ia  aore  participation  in  deeiaion-*nakin9.  Prochaaka 
atatea  the  fundamental  difference  in  organization  and  declaion-* 
Baking  in  Japan  ia  that  Japaneae  coapanlea  are  organized  froa  the 
bottom  up.  American  coapanlea  are  organized  froa  the  top  down, 
with  deeiaion-aaking  po%#er  concentrated  at  the  top.  Deciaiona 
tend  to  come  down  froa  the  power  at  the  top  with  "Yea"  and  "No" 
anawera.  "In  eontraat,  the  Jepeneae  ayatea  ia  baaed  on  eonaenaua 


wh«r*  thtt  consMsu*  d«cislon  auat  work  ,froa  tha  bottoa  up. 
(Prochaaka,  19d0,  p.  3d> 


If  fTTB  iT  fj  C-HTTiP  ■[ r 


In  1961 •  John  Kiabarly  and  Mlchaal  Evaniako  publiahad  an 
artlcla,  "Organizational  Innovation:  Tha  In£luanca  o£  Individual, 
Organizational,  and  Contaxtual  Factors  on  Hospital  Adoption  o£ 
Tachnologlcal  and  Adnlnlatrativa  Innovations**,  which  axaalnad  tha 
coablnad  a££acts  o£  cartaln  varlablas  on  adoptions  o£  Innovation 
In  tha  nadical  cara  Industry.  0£  particular  nota,  tha  study 
£ocusad  on  adoption  o£  tachnologlcal  Innovation,  which  Is  a 
good  £lt  to  tha  caaa  o£  Intagratlon  o£  tachnology  Ihto  Air  Forca 
waapons  systaas.  This  la  bacausa  tha  vast  najorlty  o£  Air  Forca 
tachnologlcal  Intagratlon  la  accoapllshad  through  sanagaaant  o£ 
contractors  who  provlda  goods  and  sarvicas.  Tha  datalls  o£  how 
tachnology  la  actually  Intagratad  Into  Air  Forca  waapons  systaas 
Is  prasantad  In  Chaptar  III.  Host  axistlng  rasaarch  o£ 
organization  aanagaaant  and  tachnologlcal  Innovation  £ocubas  on 
naw  product  davalopaant,  which  la  o£  laaanaa  Intaraat  and 
laportanca  to  tha  prlvata  saetor.  Howavar,  it  la  dl££lcult  to 
corralata  naw  product  davalopaant  and  tha  subaaquant  aarkat 
shara/product  ll£a  cycla  approach  £or  naw  tachnology  to  Air  Forca 
waapons  systaas  davalopaant.  Tha  Kiabarly  and  Evaniako  study  can 
raasonably  ba  coaparad  to  an  Air  Forca  caaa  dua  to  tha  adoptlva 
approach  to  tachnologlcal  Innovation. 

Secondly,  tha  abova  study  has  an  organizational  focus.  In 


th«  concaptual  ovarvlaw,  tha  artlcla  atataa,  ‘*0£  Intaraat  hara  is 
innovation  in  t^a  contaxt  of  organizationa.**  (Kiabarly  and 
Evaniako,  1981,  p.  890)  Tha  authora  agraa  thara  haa  baan  an 
iaaanaa  amount  of  attantion  givan  to  tha  aubjact  of  tachnological 
innovation.  Hoifavar,  thara  ia  littla  agraaaant  at  an  aapirical 
laval.  "Daapita — or  parhapa  bacauaa  of —tha  involvanant  of  a 
divaraa  group  of  raaaarchara*  raaulta  at  tha  anpirical  laval 
of  tan  ara  noncoaparabla  and  occaaionally  contradictory.** 

(Kiabarly  and  Evaniako,  1981,  p.689> 

Tha  purpoaa  of  tha  Kiabarly  and  Evaniako  study  was  to 
axaaina  tha  coabinad  affacta  of  individual,  organizational,  and 
contaxtual  variablaa  on  organizational  adoption  of  innovation. 

Two  typaa  of  innovation  wars  addraaaad~-adnlniatrativa  innovation 
and,  of  iaportanca  to  this  papar,,  innovation  diractly  ralatad  to 
an  organization's  cora  taehnology.  Tha  study  axaainad  tha 
variablaa  "...  across  a  larga  nuabar  of  organizations  with  tha 
objactiva  of  moving  toward  a  aora  coaprahansiva  traataant  of 
organizational  innovation.  .  ."  (Kiabarly  and  Evaniako,  1981, 
p.  691 >  Tha  aaasura  of  tachnological  innovation  was  basad  on 
raaponaas  by  hospitala  ragarding  tha  prasanca  or  abaanca  of  12 
naw  davalopaants  in  tha  haalth  cara  industry.  Tha  innovations 
wars  chosan  from  an  invantory  of  300  itaaa  suggastad  by  a  group 
of  IS  individuals  randomly  salaotad  froa  a  panal  of  79  landing 
axparts .  . 

Tha  authora  rasaareh  at)ratagy  was  to  usa  a  nuabar 
of  bivariata  hyppthasas  for  variablaa  that  had  pravioualy  baan 


found  to  b*  significant  to  innovation  adoption.  Subsequent  to 
the  hypotheses  developaent,  they  examined  the  relationships  in  a 
multivariate  s.ivironaient  using  the  technological  and 
administrative  innovations  as  dependent  variables.  The  result 
was  an  informed,  comparative  study. 

This  strategy  was  thus  informed  by  previous  research, 
was  deliberately  designed  to  include  individual, 
organizational,  and  contextual  factors,  and  was  . 

Intended  to  capitalize  on  the  advantages  of 
comparative  research.  It  thue  was  neither  purely 
deductive  nor  put’ely  inductive,  the  primary'  interest 
being  to  develop  a  more  comprehensive  set  of 
analyeee  of  innovation  adoption  than  had  previously 
been  available  in  the  literature.  (Kimberly  and 
Evanieko.  1981.  p.  691) 

The  Kimberly  and  Evanieko  study  used  three  clusters  of  predictors 
for  adoptive  innovation  behavior-'Charactaristies  of 
organizational  individuals,  characteristics  of  contexts,  and 
characteristics  of  the  organizations.  This  analysis  focuses  on 
the  organizational  variables. 

The  five  organizationel  variables  were  centralisation, 
specialization,  aize.  functional  differentiation,  and  external 
integration.,  Centralization  refers  to  ^he  degree  in  which 
decision-making  is  delegated  to  lower  levels  of  an  organization. 
For  example,  a  highly  centralized  organization  retains,  authority 
and  power  at  the  upper  levels  of  the  organization  structure. 
Specialization  addresaes  the  number  of  different  specialties  or 
occupations  within  an  organization.  For'  example,  in  the  Air 
Force,  a  highly  specialized  organization  would  be  one  that 


contained  only  engineers.  A  low  degree  o£  specialization 
increases  the  number  of  specialists  and,  possibly,  increases  the 
need  for  coordination  and  control  mechanisms  at  the  work-unit 
level.  Size  represents  a  comparison  of  how  large  an  organization 
is  relative  to  other  units  which  are  in  the  same  field  or 
accomplish  similar  tasks.  Functional  differentiation  refers  to 
the  extant  an  organization  is  divided  into  subunits  with  similar 
functions.  A  highly  differentiated  organization  contains 
numerous  work  units  which  normally  create  multiple  interest 
groups.  Finally,  external  integration  addresses  the  mechanisms 
in  an  organization  which  successfully  allow  information  to  be 
communicated  to  the  work  units.  A  highly  integrated  organization 
normally  can  quickly  assimilate  and  transmit  information  to  the 
applicable  work  unit. 

Interestingly,  all  of  these  organizational  variables  are 
related  to  organization  structure  and  can  be  exploited  in  the 
design  of  an  organization.  The  five  hypotheses  were: 

1.  Certralization  is  negatively  related  to  the  adoption  of 
technological  innovations. 

2.  There  is  a  positive  relationship  bet«#een  specialization 
and  adoptive  innovation. 

3.  Size  is  positively  related  to  adoption. 

4.  Functional  differentiation  is  positively  related  to 
adoption  of  technological  innovations.  , 

5.  There  is  a  positive  relationship  betwee 


in  external 


integration  and  adoptive  innovation. 

The  hypotheaia  with  regard  to  aize  deaervea  additional 
explanation.  In  thla  study,  size  refers  to  the  overall 
organizational  unit,  for  example,  the  total  number  of  employees. 
Kimberly  and  Evanisko  present  rationale  for  two  commonly  accepted 
views  that  size  ia  positively  correlated  with  innovation 
adoption.  First,  increasing  size  facilitates  adoptive  behavior 
because  “.  .  .  aize  creates  a  critical  mama  which  3uatifiea  thci 
acquisition  of  particular  innovations.’*  (Kimberly  and  Evanisko, 
1981,  p.  699)  A  second  view  is  that  size  necessitates  adoptive 
behavior  because  it  ia  a  way  to  rationalize  and  coordinate 
organizational  activities.  Kimberly  and  Evanisko  only  briefly 
suggest  that  size  may  be  negatively  related  to  innovation. 

However,  there  is  a  considerable  body  of  literature  which 
contradicts  the  Kimberly  and  Evanisko  size  hypothesis,  not  the 
least  of  which  ia  the  entrepreneurial  approach  to  technological 
innovation. 

The  actual  analysis  of  the  above  organizational  hypotheses  was 
divided  into  two  parts.  This  was  performed  in  the  context  of  the 
bivariate  hypotheses  in  which  the  relationships  were  examined  in 
a  multivariate  environment  using  the  technological  and 
administrative  innovations  as  dependent  variables. 

Eight  multiple  regression  equations  were  estimated  to 
assess  the  effects  of  predictor  variables  both  within 
and  across  classes.  The  first  six  regressions  examin* 
the  effects  of  individual,  organizational,  and 
contextual  variables  separately  on  technological 
innovation  and. then  on  administrative  innovation.  The 
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final  two  exaaine  the  coaibined  affects  of  all 
variables  on  the  two  types  of  Innovation.  (Kimberly 
and  Evanisko*  1961.  p.  702) 

The  final  two  equations  referenced  above,  in  effect,  determine 
the  relative  significance  of  each  of  the  variables.  The  results 
are  shown  in  Table  1.  The  other  part  of  the  analysis  addressed 
the  effects  of  the  individual,  organizational,  and  contextual 
variables  on  the  two  types  of  innovation  separately.  This  report 
focuses  on  the  organizational  variables.  The  results  of  this 
portion  of  tho  analysis  are  i^hown  in  Table  2. 

From  Table  2,  the  results  of  the  regression  show 
organizational  level  variables  account  for  62  percent  of  the 
variance  in  technological  innovation.  By  contrast,  and  in 
conflict  with  many  non*enpirical  studies  of  technological 
innovation,  individual  variables  (such  as  tenure, 
cosmopolitanism,  and  educational  level)  account  for  only  21 
percent  of  the  variance.  In  many  studies,  individuals, 
particularly  innovation  product  champions,  ere  presented  as  major 
contributors  to  technoiogical  innovation.  For  example.  James 
Brian  Quinn  concludes  that  one  successful  factor  found  in 
innovative  firms  is  committed  champions  such  as  ZDN's  Chairman 
Vincent  Lear son.  Lear son  encouraged  groups  to  compete  against 
each  other  to  bring  forward  successful  designs.  '"At  one  time  it 
was  difficult  to  find  a  successful  major  IBM  innovation  that 
originated  in  formal  product  planning  rather  than  this 
championship  process.”  (Quinn.  1979.  p.  80)  Contextual  variables 
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TABLE  1 


Correlations  Among. All  Variables 
(Relative  to  This  Study) 

<M  •  210) 


■ 

yarjLg.fr  A  a 

1 

2 

3 

4 

5 

1. 

Technological  Innovation 

- 

2. 

Administrative  Innovation 

.42 

- 

3. 

Centralization 

-.38 

-.13 

.  - 

4. 

Specialization 

.70 

.46 

-.32 

- 

5. 

Size 

.89 

.52 

-.30 

.75 

- 

6. 

Functional  Differentiation 

.70 

.47 

-.29 

•72 

.77 

7. 

External  Integration 

.55 

.37 

-.33 

.62 

.58 

(Note:  The  total  analysis  involved  19  variables. 
The  organizational  variables  had  significantly 
higher  correlations  on  both  types  of.  innovation 
than  the  contextual  or  individual  variables.) 


(Partial  table  from  Kimberly  and  EvaniskOr  19di,  p.  703) 
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6  7 


.58 


TABLE  2 


Ragr««slon  of  Tochnological  Innovation 

on 

Organizational  Variablaa 


Variable 

Beta 

SE 

Centralization 

-.14 

.046 

Specialization 

.17  * 

.082 

Size 

.34 

.091 

Functional  Differentiation 

.19  * 

.076 

External  Integration 

.10 

.058 

R2  -  .62 

•  p  <  .05 

p  <  .01 

p  <  .001 

(Partial  tabla  from  Kiabarly  and  Evaniako,  1961*  p.  704> 


(conpatition,  clz*  of  city,  ago  of  hosp.^tal)  account  for  30 
parcant  of  tha  varlanca.  From  Tabla  2,  Xinbarly  and  Evanisko 
intarprat  tha  raaulta  of  tha  organizational  variablaa  on 
tachnologlcal  Innovation  as,  **Tha  pattarn  and  strangth  of  tha 
rslatlonshlps  reveal  that  high  adopting  hospitals  tend  to  ba 
large,  are  cpociallzod,  are  highly  differentiated,  and  have  a 
tendency  for  decisions  to  ba  aada  near  or  at  tha  level  of 
departhant  heads.**  (Klsbarly  and  Evanisko,  p.  705>  Four  of  tha 
five  organizational  variables  wjtra  significant  predictors  of 
technological  Innovation.  Tha  strongest  predictor  was  hospital 
size  and  there  was  a  positive  relationship  between  hospital  size 
and  adoption  of  technological  innovations.  Specialization, 
centralization,  and  functional  differentiation  were  deteralned 
also  to  be  positively  correlated  with  adoptive  Innovation. 

The  Klaberly  and  Evanisko  study  concludes  with  three 
primary  points.  The  first  two  conclusions,  not  the  primary 
purpose  of  this  paper  but  indirectly  related,  are: 

1.  Variables  used  In  the  study  arc  much  better  predictors 
of  technological  Innovation  than  administrative  innovation. 

2.  Adoption  of  thb  two  typee  of  Innovation  were  not 
Influenced  by  the  same  sets  of  variables. 

However,  tha  last  conclusion  wee  that  the  organizational 
variables  utilized  were  much  better  predictors  of  Innovation  than 
the  Individual  or  contextual  variables  used  In  the  study.  In 
conclusion,  the  study  reported: 


In  uhe  ca«*  of  tachnologlcal  innovations*  tha 
only  nonorganlzational  laval  variabla  that  aaargad 
as  a  significant  pradictor  was  tha  aga  of  tha 
hospital,  which  had  baan  concaptualizad  as  a 
contaxtual  variable.  And  in  tha  casa  of 
adninlstratlva  innovation*  tha  only  significant 
nonorganizatlonal  laval  pradictor  was  tha 
coaaopollt«nian  of  tha  hospital  adninistrator* 
although  tha  aducstional  laval  of  tha  hospital 
adninistrator  approachad  signlficsnca.  Although 
it  was  anticipatad  that  organizational  laval 
variablaa  would  play  a  rola  in  pradicting 
innovation*  thair  anpiricsl  dosinanca  was  not 
axpactad.  (Kinbarly  and  Evsnisko*  1981*  p.  709> 


Conelusion 

Thara  ara  two  significant  conclusions  from  tha  abeva 
analysas  of  tachnological  innovation.  Tha  first*  and  nost 
important*  is  that  organization  structura  is  inportsnt. 
Organization  structura  can  affact  tachnological  innovation.  Tha 
Kinbarly  and  Evaniaky  rasasrch  provldas  anpiricsl  avldanca  of  a 
corralation  batwaan  orgenizetlonsl  vsrisblas  and  Siioption  of 
technology  into  an  organization.  Tha  second  significant 
conclusion  is  that  organir:ntions  likaly  to  adopt  nair  taehnology 
tend  to  ba  Isrga*  spaclalizad*  highly  diffarantiatad*  and 
dacisxons  ara  nada  at  or  naar  tha  dapartaant  laval.  Tha  four 
variablas  shown  to  ba  significant  in  tha  nultipla  ragrassion 
analysis  all  can.  ba  aanipulatad  in  tha  dasign  of  an  o*:  s..nization. 
While  tha  Kinbarly  and  Evanisko  study  is  a  single  rdsaarch  point* 
tha  study  appears  to  ba  a  good  fit  whan  eonparad  to  tha  Air  Force 
as  a  parallel.  Both  organizations  have  institutional  franaworks 
and  ara  lass  product  and  ssrkating  oriented  than  seat 
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organization*  dapictad  In  rasaarch  on  tachnological  innovation. 
Both  organizations  ara  primarily  non-profit  baaad.  In  tha  case 
of  adoption  of  tachnology  into  hoapitals,  tha  focus  is  on  health 
care.  Tha  Air  Force  focus,  of  course,  is  national  defense. 
Finally,  the  Kiabarly  and  Evanisko  study  cantarad  on  adoption  of 
tachnology.  This  is  cosparabla  to  tha  integration  of  tachnology 
into  Air  Force  weapons  syataas. 

In  suaaary,  tha  conclusion  is  that  aapirical  evidence  exists 
that  organization  structure  and  tachnological  innovation  ara 
related . 


CHAPTER  III 


TECHNOLOGY.  ORGANIZATION.  AND  AIR  FORCE  WEAPONS  SYSTEMS 

Introduction 

This  chaptsr  analyzos  technology  and  organization  structure 
in  the  Air  Force.  The  purpose  is  to  detersine  if  application  of 
the  knowledge  of  the  relationship  between  organization  structure 
and  technological  innovation  can  enhance  integration  of 
technology  into  tieapons  systese.  This  is  scconplished  by 
first  addressing  the  need  for  technology  in  Air  Force  weepone 
systese  followed  by  a  look  at  how  technology  is  acquired  and 
developed  by  the  Air  Force.  The  second  portion  of  the  chepter 
presents  technology  in  the  orgenizetionel  context.  After 
covering  Air  Force  organization  policy,  the  chepter  exaninee 
the  structure  of  organizations  responsible  for  acquisition, 
developsent.  and  procurenent  of  weapons  syetene. 

Technology  is  an  iaportant  part  of  the  United  States' 
defense  strategy.  Secretary  of  Defense  Weinberger,  in  Defense  84 
(October  1964).  presented  the  four  eonponente  of  our  total  coabat 
capability.  Following  a  discueeion  on  readiness.  Secretary. 
Weinberger  wrote: 


The  other  three  coeponents  are:  force  structure- -the 
nuaber  of  air  winga,  divisions^  and  ships  in  the  arsed 
forces;  Bodernization--the  equipping  of  this  force 
structure  with  aore  technically  aophlsticated  and 
capable  weaponry  and  facilitiea;  and 

suatainability--the  staying  power  of  our  forces.  .  . 
(Weinberger,  19d4,  p.4)  (emphasis  added) 


This  chapter  expands  on  our  defense  strategy  of  qualitatively 
superior  forces  by  linking  technology  and  organization  to  Air 
Force  weapons  aystena. 


Technology  ia  an  important  factor  in  the  Air  Force's  ability 
to  accosplish  our  nisaion.  As  related  by  the  former  commander  of 
Air  Force  Systems  Command,  General  Robert  Harsh,  in  an  Air  Force 
magazine  (August  1964)  Article: 


For  more  than  thre^  decades  now,  the  United  States 
has  relied  upon  its  qualitatively  superior  weapons 
systems  to  deter  aggression .  Zn  effect,  we  have 
relied  upon  our  technological  and  industrial 
superiority  to  offset  the  numerical  advantages 
enjoyed  by  our  adversaries.  (Harsh,  1984,  p.  42) 


General  Harsh  continues  in  thla  artlcls  to  atate  our  strategy  of 
uaing  our  technology  to  deter  our  enemies  continuea,  but  the 
threat  we  face  has  changed.  Zn  other  worda,  our  technological 
superiority  haa  been  eroding  since  the  1970's.  For  example,  in 
197S  we  had  an  approximate  ten-  to  twelve-year  lead  over  the 
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Soviet  Union  in  eicroelectronica  and  coaputera,  while  today  that 
lead  haa  slipped  to  three-  to  five-years.  Another  requirement 
for  technology  cones  from  a  critical  U.  S.  national  defense 
objective  of  naintaining  a  credible  and  capabl'%  nuclear 
deterrence  force.  This  deterrent  force  is  acconplished  through 
the  nuclear  triad  of  nanned  bonbers,  sea-launched  ballistic 
aissiles,  and  land-based  intercontinental  ballistic  nissiles. 

The  United  States  strategic  triad  has  deterred  the  Soviets  for 
aore  than  thirty  years  and  is  based  on  the  diversity  of  the  three 
eleaents.  A  prinary  purpose  of  this  triad  is  to  prevent  a  single 
technological  breakthrough  from  crippling  aore  than  one  leg  of 
the  triad  and  daaaging  our  deterrent  strategy. 

Surprisingly,  soae  of  the  eaphasis  on  technology  and 
qualitative  forces  is  not  backed  by  Air  Force  resource 
allocation.  General  Harsh  in  Air  Force  aaqazine  (August  19d4> 
presents  the  story  of  Air  Force  research  and  development 
expenditures  since  1,969.  In  1965,  the  Air  Force  spent 
approxiaetely  2.5  percent  of  the  total  Air  Force  obligation 
authority  dn  basic  research  and  exploratory  developaent.  In 
fiscal  year  1964,  the  technology  base  funding  had  decreased  to 
0.6  percent  of  the  total  obligation.  In  fact,  addressing  the 
technology  base  expenditures  in  1969  dollars  shows  a  decrease 
from  6400  million  in  1969  to  approximately  to. 6200  million  today. 

Despite  the  reduced  funding  levels  for  technology  base',  the 
Air  Force  must  continue  to  invest  in  future  technologies.  In  an 
Air  Force  magazine  article  by  senior  editor  John  Correll  (August 
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1983) ,  General  Marsh  stated 


Closer  to  hose,  one  finds  that  the 


Air  Force  is  losing  its  traditional  role  of  technological 
leadership  among  the  services.**  (Correll,  1983,  p.  39)  The  Air 
Force  has  fallen  behind  other  services  and  even  the  Department  of 
Defense's  Defense  Advance  Research  Projects  Agency  (DARPA)  in 
funding  for  basic  and  applied  research.  The  former  Commander  of 
Air  Force  Systems  Command  further  stated,  **.  .  .  the  most 
technically  advanced  service  cannot  afford  to  mortgage  its  future 
through  inadequate  attention  to  the  maintenance  of  a  viable 
weapons  technology  base.**  (Correll,  1983,  p.  39) 

The  Air  Force  Systems  Command  Technology  Planning  Guide 
(1980)  states  two  |)lanning  objectives  that  clarify  our  technology 
planning  goals.  The  first  objective  is  to  assure  technological 
superiority  through  exploiting  technology  opportunities  and 
advancing  knowledge  in  scientific  disciplines.  The  second 
objective  is  to  avoid  technological  surprise.  In  concluding  the 
need  for  technology  in  Air  Force  weapons  systems,  the 
Aeronautical  Systems  Division's  Blueprint  for  Tomorrow  related 
the  importance  of  the  United  States 's  aerospace  industry.  This 
1984  joint  Air  Force  and  industry  assessment  of  the  aerospace 
industrial  base  explained: 

there  is  probably  no  other  ihdustry  in  the  world 
which  both  develops  and  applies  the  diversity  of 
high  technology  as  well  as  the  U.S.  aerospace 
base.  .  .  .  This  high  technology  base  provided 
'  by  the  aeroapace  industry  is  a  highly  valued 
national  resource.  (U.S.  Air  Force,  1984,  p.6-4) 


While  it  could  be  argued  that  any  eelf-aseeaaaent  would  praiae 

\ 

itself,  in  1982  the  U.S.  aerospace  Indi^stry  contributed  a  surplus 
811.2  billion  in  trade  during  a  year  which  the  U.S.  balance  of 
trade  deficit  was  835. 2  billion  (U.S.  Air  Force,  1984>.  This  is 
a  significant  contribution  toward  reducing  the  negative  economic 
iapacts  associated  with  a  balance  of  trade  deficit. 

The  Integration  of  Tfchnoloov 

Within  the  Air  Force,  Air  Force  Syateaa  Coeaand  (AFSO  is 
responsible  for  the  research,  developaent,  and  acquisition  of  Air 
Force  weapons  systems.  As  related  in  the  annuel  almanac  issue  of 
Air  Force  magazine  (Hay  1984),  **The  primary  mission  of  Air  Force 
Systems  Command  (AFSO  is  to  advance  aerospace  technology,  apply 
it  to  operational  aerospace  systems  development  end  improvement, 
and  acquire  qualitatively  superior,  cost-effective,  and 
logistical ly  supported  aerospece  systems.**'  (Air  Force  Systsms 
Command,  1984,  p.  94>  Air  Force  Systems  Command  is  the  Air 
Force's  me^jor  employer  of  scientists  and  engineers. 

The  process  of  integrating  technology  into  Air  Force  weapons 
systems  is  accomplished  by  two  priaerir  means.  The  vast  majority 
of  research  and  developaent  activities  are  eocomplished  through 
Air  Force  menegement  of  contracts  to  procure  equipment, 
information,  and  technology.  However,  the  Air  Force  does 
accomplish  some  in-house  research  and  development,  primarily  in 
laboratories  and  centers.  The  Air  Force  Wright  Aeronautical 
Laboratoriee,  Air  Force  Rochet  Propulsion  Laboratory,  Air  Force 


Weapons  Laboratory,  Rose  Air  Developaant  Center,  Air  Force 
Araaaent  Laboratory,  and  the  Air  Force  Huaan  Resources  Laboratory 
are  exaaples  of  organizations  with  research  objectives.  An 
exaapla  of  the  type  of  work  accoaplished  in  Air  Force  Systems 
Coaaand  can  be  found  in  AFSC  Regulation  23-3,  Aeronautical 
Systeas  Division.  19.  January  1982.  This  regulation  establishes 
the  organization  and  aissions  for  the  Aeronautical  Systeas 
Division  which  plans  and  manages  the  acquisition  of  aeronautical 
systeas,  subsystems,  and  associated  equipment  for  the  Air  Force. 
While  priaary  importance  is  on  planning,  managing,  and 
coordinating,  many  other  roles  are  accoaplished.  Some  of  the 
responsibilities  of  the  Aeronautical  System  Division  from  AFSC 
Regulation  23-3  are: 

1.  A|Cconplishes  systeas  engineering  and  technical  direction 

to  designated  prograas.  .  .  ' 

2.  Plans,  conducts,  and  aanages  develof.aent  planning 
activities. 

3.  Accoaplishes  assigned  advanced  and  engineering 
developaent. 

4.  Establishes  technology  needs  with  AFSC  laboratories  for 
exploratory  and  advanced  developaent  required  to  satisfy  new 
capabilities  or  eliainste  deficiencies. 

5.  Provides  engineering  support.  .  . 

6.  Conducts  aircraft  flight  testing  of  developaental 
avionic  equipaents.  .  .  (AFSCR  23-3,  1982;  p.  1) 

The  above  list  is  a  saaple  of  the  Aeronautical  Systeas  Division's 
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reaponaibilltltts  and  dapicts  a  broad  spectrum  o£  activity. 
Acconpliahsent  of  this  mission  requires  a  diverse  organization. 
From  these  responsibilities  comes  the  process  to  acquire  and 
manage  technology  within  Air  Force  Systems  Command. 

As  previously  presented.  Air  Force  Systems  Command  contracts 
the  majority  of  its  research  and  development  work.  The  process 
begins  with  a  requirement,  usually  identified  through  a  new 
threat  or  capability  that  requires  a  response.  Once  the  threat 
is  understood,  the  Air  Force  documents  the  new  requirement  with  a 
Statement  of  Need.  For  major  weapons  systems,  this  is  the 
beginning  of  a  long  and  sometimes  arduous  process  known  as  the 
Defense  System  Acquisition  Review  Council  (DSARO  process.  While 
not  important  to  this  study,  the  procs.is  Involves  multiple 
milestones  and  reviews  before  various  Department  of  Defense  and 
Air  Force  councils  and  boards.  However,  it  is  important  to 
understand  the  mechanics  of  the  process  by  which  the  Air  Force 
acquires  technology  and  weapons  systems.  First,  the  Air  Force 
internally  develops  a  Request  for  Proposal  (RFP>  which  states  the 
requirements  of  the  acquisition.  The  Request  for  Proposal 
usually  contains  desired  performance  characteristics, 
specifications,  time  limits,  and  criteria  which  the  Air  Force 
uses  to  evaluate  the  bids  form  the  contractors.  Next,  upon 
receipt  of  bids  from  prospective  contractors,  the  process  enters 
source  selection,  whereby  an  Air  Force  board  evaluates  the  bids. 
The  source  selection  procaee  concludes  with  e  decision  on  the 
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contractor  or  contractors  which  will  perform  the  work.  Following 
source  selection »  the  process  enters  a  negotiating  period  where 
the  contract  is  negotiated  between  the  Air  Force  and  the 
contractor.  Negotiations  include  detailed  evaluations  of  the 
contractors  team,  including  the  number  and  composition  of  the 
engineering  teams  assigned  .by  the  contractor.  The  negotiating 
process  concludes  with  a  contract  signing  between  the  Air  Force 
and  the  contractor  and  work  begins  on  the  effort.  Of  note  is 
the  ability  of  the  Air  Force  to  evaluate  and  influence  the 
organization  structure  of  aerospace  contractors.  This  will  be 
discussed  later  in  the  organizational  context.  Additionally, 
during  the  process  of  selecting  and  managing  these  contracts,  the 
Air  Force  can  specify  and  request  certain  technologies  and 
performance  factors  be  integrated  into  the  weapons  systems.  In 
summary,  the  integration  of  technology  into  ma^or  weapons  systems 
is  accomplished  by  Air  Force  Systems  Command.  While  a  ma^or 
portion  of  the  research  and  development  effort  is  performed  by 
contract  management,  the  Air  Force  has  considerable  control  over 
the  amount  of  sophistication  and  technological  advancement  in  our 
weapons  systems. 


Air  Force  organizations  are  structured  to  most  efficiently 
accomplish  the  assigned  mission.  The  overall  guidance  is 
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contained  in  Air 


Force  Regulation  26-2,  6  January  1982, 
Organization  Policy  and  Guidance.  The  regulation  axpreesee 
five  principle*  of  Air  Force  organization.  The  first  principle 
is  functional  grouping  and  require*  each  part  of  an  organization 
■eet  the  following  requirenents: 

1.  Be  directed  toward  achieving  a  aajor  goal. 

2.  Constitute  a  logical,  separable  field  of  responsibility. 

3.  Have  a  clear-cut  charter  that  is  definite  in  scope, 
purpose,  objectives,  and  goals  to  achieve,  with  a  single 
coasander,  supervisor,  or  staff  aesber  in  full  charge. 

4.  Cover  all  the  eleaents  of  a  function  that  are  closely 
related  and  constitute  a  coaplete  entity. 

5.  Have  easy,  workable  relationships  with  other  parts  of 
the  organization,  but  with  natural,  definable  divisions  aaong 
thea.  (AFR  26-2,  1982,  p.  4) 

There  is  a  heavy  eaphasis  on  functional  grouping  in  the  policy's 
first  principle.  The  second  principle  is  unity  of  coaaand.  This 
principle  requires  that  each  person's  responsibilities  should  be 
clearly  defined  and  each  person  responaible  to  only  one  superior. 
Span  4>f  control  is  tha  third  principle  and  sets  factors  for 
deteraining  the  nuaber  of  subordinates  that  can  be  effectively 
supervised  by  one  person.  Some  of  the  factors  in  deteraining 
span  of  control  include  thd  coaplexity  of  the  aission, 
organizational  differentiation,  aa>unt  of  coordination  required, 
and  the  type  of  aanageaent  and  coaaunlcation  systeas.  The  fourth 
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organization  principle  in  tha  Air  Force's  regulation  on 
organization  policy  and  guidance  la  dolegation  of  authority. 

This  principle  encourages  delegation  aa  much  aa  possible  and 
states  each  situation  aust  be  studied  individually  to  determine 
the  correct  amount  of  delegation.  The  last  organization 
principle  involves  decision-making  requirements.  The  regulation 
writes.  “An  organization  should  be  structured  to  permit  rapid 
decision-making.  Every  time  a  new  level  is  added  between  the 
commander  or  supervisor  and  the  doer,  the  flow  cf  communication 
slows  down  and  the  probability  of  misinterpretation  increases." 
(AFR  26-2.  1962.  p.  S) 

The  objectives  of  Air  Force  organization  are  also  presented 
in  Air  Force  Regulation  26-2.  Organization  Policy  and  Guidance 
<1962).  The  three  primary  objectives  are  to  maintain  a  structure 
in  peacetime  that  avoids  organizational  turbulence  during 
transition  to  war.  to  maintain  a  structure  that  operates 
effectively  with  the  least  cost,  and  to  standardize  organizations 
as  much  as  possible.  One  of  the  secondary  objectives  deals  with 
technology.  The  objective  is.  *^Keep  pace  with  technological 
advances,  changing  missions,  and  concepts  of  operation." 

(AFR  26-2.  1982.  p.  S>  The  remaining  portion  of  Chapter  1  of  the 
regulation  presents  Air  Force  policies  on  organization.  Two 
areas  are  of  interest  to  this  study.  First,  while  the  policy 
emphasizes  a  functional  approach  to  organization  structure,  it 
does  allow  other  approaches.  "Organization  based  on  functions 
predominates  in  the  overall  Air  Force  structure.  However,  in  an 
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organization  aa  large  and  coaplex  aa  the  Air  Forca,  the 
functional  approach  doea  not  alwaya  apply.**  <AFR  26-2,  1962, 
p.  6)  Finally*  the  policy  doea  not  reatrict  Air  Force 
organizationa  to  established  atructurea.  "MAJCOHs  are  encouraged 
to  develop  and  teat  new  organizationa  that  proaiae  to  increase 
effectiveness  and  efficiency.'*  (AFR  26-2* '1982*  p.  7>  The 
remainder  of  the  regulation  explains  the  various  organization 
units*  gives  exaaplea  of  standard  atructuras*  and  axplaina 
procedures  for  establishing  organizationa  and  making  changes. 

Another  guide  for  organization  structure  is  Air  Force 
Regulation  26-6*  16  November  1983*  Manpower  and  Organization 
Management  Obiectlvea  and  Besponaibilitiaa.  This  brief 
regulation  establishes  basic  manpower  and  organization  management 
objectives  and  responsibilities.  One  of  the  management 
objectives  is*  '*Establish  organizational  configurations  suitable 
for  the  beat  possible  use  of  all  available  resources  at  the 
minimum  easentlal  coat.'*  <AFR  26-6*  1983*  p.  .!>  Overall 
responsibility  for  manpower  and  organization  management  in  the 
Air  Force  is  given  to  the  Director  of  Manpower  and  Organization 
at  Headquarters  U.S.  Air  Force,.  However*  responsibility  for  the 
execution  of  the  policy  is  given  to  individual  commanders  and 
supervisors. 

Personnel  responsible  for  the  command  or 
supervision  of  each  organization*  function*  or 
office  must:  (1)  Ensure  that  their  internal 
organization  structure  and  atated  manpoiMr 
requirements  are  the  most  economical  to  improve 


combat  readiness,  enhance  wartime  effectiveness, 
and  complete  prescribed  workloads  under  peacetime 
conditions.  <AFR  26-6,  1963,  p.  2) 

In  summary.  Air  Force  regulations  provide  policy  and 
guidance  for  structuring  organizations.  While  emphasis  is  on 
functional  organization,  mechanisms  exist  for  other  organization 
structures.  Responsibility  for  efficient  organizational 
management  rests  at  all  levels  of  command. 


As  previously  presented,  most  technology  is  integrated  into 
Air  Force  weapons  systems  by  Air  Force  Systems  Command.  This 
section  addresses  some  of  these  organizations  and  the  manner  in 
which  they  accomplish  their  assigned  missions.  The  subsequent 
section  analyzes  the  structure  of  some  selected  AFSC 
organizations. 

Different  from  most  Air  Force  organizations.  Air  Force 
Systems  Command  is  organized  by  product.  The  product 
organization  structure  is  organized  very  similar  to  private 
sector  companies  engaged  in  the  very  competitive  environment  of 
Consumer  goods  and  services.  For  example,  many  companies  have 
separate  divisions  (soap,  toothpaste,  etc.)  that  engage  in  all 
aspects  of  one  product  from  research  and  development  to 
marketing. 

The  four  product  divisions  end  one  product  office  in  Air 
Fc.'ce  Systems  Command  are  the  Aeronautical  Systems  Division, 
Armament  Division,  Electronic  Systems  Division,  Space  Division, 
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and  th*  Ballistic  Hiaailc  Offica.  As  dsscribsd  in  Air  Fores 
aagazins  (Laconbs,  August  1983),  ths  organizations  and  thsir 
general  responsibilities  are  as  follows: 

1.  Asroriautlcal  Systess  Division  is  responsible  for 
aircraft  systess  and  subsystems. 

2.  Araanent  Division  develops  snd  acquires  the  Air  Force's 
conventional  arnasenta . 

3.  Electronic  Systems  Division  is  responsible  for 
electronic  systems*  including  command  and  control  communications 

systems. 

4.  Space  Division  la  the  Air  Force's  space-related 
organization*  performing  all  preoperational  space  activities. 

Ballistic  Missile  Office  is  responsible  for 
Intercontinental  Ballistic  Missile  functions,  ({.acobbe*  1983*  p. 
53) 

The  above  product  organizations  function  mimilar  to  product 
organizations  in  the  private  sector.  They  have  responsibility 
for  the  full  range  of  activities  associated  with  each  product. 
This  includes  research  and  development  in  the  basic  sciences  to 
testing  and  acquiring  aircraft  and  missile  systems. 

Within  the  product  divisions  ere  ths  organizations  dirsctly 
responsible  for  individual  weapons  systsms— ths  systsms  program 
offices.  It  is  at  this  level  where  the  actual  development  and 
management  of  programs  such  as  the  F-IG  aircraft  occur.  The 
director  of  an  Air  Force  systems  program  office  is  the  single 
point  of  contact  for  all  activities  associated  with  the 


particular  waapons  mymtmm 


Tha  systaaa  program  offica  laval  la 


whara  organization  structura  changaa  could  hava  tha  graataat 
impact  on  tachnological  innovation.  Tha  program  offica  can  ba 
comparad  to  a  basic  production  unit  in  tha  privata  sactor.  A 
singla  program  managar  haads  tha  program  offica  and  is 
rasponsibla  for  tha  succassful  coaplation  of  program  goals  within 
budgat  and  on-schadula.  A  program  offica  is  a  fora  of  a  task 
fores  which  is  organizad  to  complata  cartain  tasks  and  will 
normally  disband  upon  deploy aant  of  tha  waapons  systam. 

Air  Fores  Systams  Command  analyzas  complatad  programs  and 
producas  “lassons  laarnad**  volumas  for  many  waapons  systams.  Tha 
1980  AF3C  Lassons  Laarnad  Voluma  1  from  tha  Aaronautical  Systams 
Division  containad  eharactari sties  which  typify  soma  of  tha  mors 
succassful  programs.  Ona  factor  was  to  hava  a  singla  individual 
rasponsibla  for  all  aspacts  of  tha  program  with  tha  appropriata 
amount  of  authority.  Anothar  succassful  charactaristic  was 


Structur*  of  3*I»cf  d  AF3C  Organization* 

This  ssctlon  addrsasss  ths  organixatlon  structurs  of 
sslactsd  Air  Fores  Systssa  Coaasnd  organizations.  Ths  1984 
Lsadsrship  and  Managaasnt  Dsvsiopasnt  Csntsr  publication 
A  Fisld  Study  of  Aiy  Fores  Organization -Structursa  analyzsd  sons 
organizations  within  Air  Fores  Systssa  Cossand  rssponsibls  for 
systssa  and  dsvsiopasnt  acquisition.  Ths  fisld  study  dsscribss 
that  prior  to  1978,  thsss  organizations  wsrs  typically  organizsd 
on  a  prograa  basis.  Each  prograa  offics  containsd  all  ths 
nscsssary  rssourcss  to  accosplish  its  asaignsd  sisaion.  Ho«fSvsr, 
rssponding  to  a  sanpowsr  shortags  and  othsr  factors  such  as  lack 
of  cross-fssd  bstwssn  prograss,  ths  satrix  organization  structurs 
was  isplsssntsd  in  1978.  Many  of  ths  profsssional  staff 
psrsonnsl,  including  snginssra  and  seiantists,  tisrs  asaignsd  to  a 
prograa  offics  froa  a  functional  arss  such  as  contracting  or 
snginssring.  This  satrix  organization  had  ssvsral  bsnsfita. 


First,  prograa  unesrtaintiss  and  changing  prioritiss  allow  aors 
flsxibility  in  product  rsaeurcfs  aanagwisnt.  For  sxsapls,  ths 
snginssra  and  profsssionals  in  a  progria  which  suddenly 
oKparisncsd  a  dsaias  in  funding  could  !>s  rapidly  aovsd  to  another 
prograa  office  or. even  back  to  their  fimetionsl  organization  for 
productive  work.  Another  benefit  was  <i  stretching  of  critical 
technical  personnel  aaong  prograas.  Finally*  the  people  involved 
ware  abla  to  keep  their  professional  pirofieiency  and  contact  with 
functional  areas  while  being  dedicated  to  a  prograa  aanager.  Ths 
LIfOC  field  study  presented  two  key  isaiiee  with  the  effects  of  the 
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Matrix  organization  atructura  in  Air  Force  Systana  Comaand. 

Firat,  tha  atudy  concluded  that  the  iapact  of  the  program  manager 
often  aeemed  diffuaed.  Confirming  other  aourcaa,  the  atudy 
addreaaed  the  importance  of  the  program  manager.  "Reapondenta 
repeatedly  told  ua  that  an  effective  program  waa  determined  by 
the  ability  of  the  project  team  to  meet  achedulea  and  mileatonea. 
They  alao  aaid  that  the  mingle  moat  important  cause  of  a 
aucceaaful  program  warn  the  program  manager.**  (Conlon,  Daft, 
Auatin,  and  Short,  1964,  p.  6S>  The  second  major  issue 
associated  with  the  matrix  structure  was  the  control  dilemma. 

The  program  manager  has  day-to*day  control  over  all  of  the 
assigned  personnel,  but  formal  administrative  control  of  those 
from  a  functional  organization  is  retained  by  the  functional 
manager.  While  there  are  some  administrative  changes  which  could 
alleviate  aoae  of  this  problem,  the  very  nature  of  a  matrix 
organization  structure  requires  dual  reporting  channels.  In  . 
conclusion,  the  field  study  summarizes,  ’*The  matrix  structure  is 
the  correct  structure  because  it  is  compatible  with  environmental 
changes,  non -routine  technology,  and  goals  that  emphasize  both 


program  effectiveness  and  the  efficient  utilization  of  scarce 
personnel  resources.**  <Conlon,  Daft,  Austin,  and  Short,  1984,  p. 
66) 

Another  analysis  of  the  structure  of  an  Air  Force  System 
Ccvnand  organization  is  Organizational  Chance  Patterns  in  the 


This  study  looksd  at  th«  program  offica  £roa  a  ll£a'*cycla 
approach  aiallar  to  tha  product  llfa-cycla  in  aarkatlng  raaaarch. 
Tha  authors  concludad  program  o££lcas  arm  organlzad  In  project 
structuraa  In  tha  marly  phasas  o£  tha  acquisition  cycle.  During 
the  middle  phase  o£  tha  acquisition  cycle,  where  most  o£  tha  work 
is  accomplished  and  tha  organization  is  largest,  tha  organization 
is  structured  by  £unetion.  Finally,  during  tha  close-out  o£  tha 
program,  tha  organization  reverts  back  to  a  project  structure. 
Somewhat  contradicting  the  previous  analysis,  the  authors  address 
some  o£  the  problems  associated  with  the  matrix  organization. 
While  the  study  presents  the  program  manager  as  the  £ocal  point 
of  the  office  with  broad  responsibilities,  the  program  manager 
has  **.  .  .no  real  authority  over  the  participating  organizations 
that  supply  vital  support***  <Connors  and  Maloney,  1979,  p.  22> 
Additionally,  the  study  concludes  larger  organizations  have  a 
perceived  more  favorable  organizational  climate. 

A  case  study  approach  is  presented  in  A  Case  Study  of 
AaronauticaJ^  Systems  Divisions  Svstens  Program  Office  by 
Hulslander  and  Hatthewe  <1962> •  The  study  addressed  e  single 
portion  of  a  systeme  program  office  which  was  involved  in  the 
research  and  development  of  standard  aircraft  sensor  units.  One 
issue  presented  «Kie  the  engineering  support  provided  to  this 
organization.  The  study  reported  engineering  support  for  the 
systems  program  offices  came  from  the  Aeronautical  Syatens 
Division  Deputy  for  Engineering.  In  other  words,  the  functional, 
centralized  engineering  unit  provided  resources  to  the  program 
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aanagars  for  th«ir  ilndividual  prograas.  The  study  relates  that 
the  engineers  were  not  as  responsive  to  the  program  manager  as 
they  could  be,  presumably  because  of  dual  reporting  requirements. 
One  person  in  the  case  concluded,*'.  .  .  Cit  is  the!  way  that  the 
system  is  organized  that  is  at  fault.”  <Hulslander  and  Matthews, 
1982,  p.  19) 

From  the  above  analyses  this  study  will  address  the  actual 
structure  of  three  Air  Force  Systems  Command  organizations  as 
depicted  in  organization  and  functions  chart  books.  This  will 
provide  a  determination  of  some  of  the  current  organization 
structures  of  these  organizations.  First,  as  detailed  in  the 
Organization  and  Functions  Chart  Book.  Electronic  Systems 
Division  <Air  Force  Systems  Command,  August  1984)  appears  to  be 
organized  functionally.  For  example,  below  the  Commander  are 
numerous  support  functions  such  as  public  affairs,  personnel, 
safety,  and  civil  engineering.  Also  reporting  to  the  Commander 
are  eight  deputstes  which  appear  to  be  the  production  units  of 
Electronic  Systems  Division.  Some  of  these  include  Tdctical 
Systems,  International  Programs,  Strategic  Systems,  and 
Acquisition  Logistics  and  Technical  Operations.  The  system 
program  offices  are  one  or  two  levels  below  the  above  deputatea. 
For  example,  in  the  Tactical  Systems  deputate  the  next 
organizational  level  is  tactical  cbmmunications  systems,  tactical 
air  battle  management  systems,  combat  theater  communicationa 
systems,  and  ^oint  stars.  While  these  program  offices  appear  to 
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be  functionally  aligned,  a  reading  of  the  functions  associated 
with  each  organization  reveals  the  nature  of  the  structures.  In 
fact,  sany  functions  within  these  units  are  provided  from  other 
Electronic  Systems  Division  offices.  For  example,  in  the 
Directorate  of  Engineering  and  Test,  the  organization  functions 
include,  “Manages  the  allocation  and  reallocation  of  ESD  computer 
systems  engineering,  test,  configuration/data  management 
personnel.  .  .  Provides  diroct'  support  to  ESD  program  offices  in 
assigned  areas. “  (Air  Force  Systems  Command,  1964,  p.  18-5)  At  a 
lower  level,  the  Systems  Engineering  Division  within  the 
Engineering  and  Test  Directorate  has  some  of  the  following 
responsibilities,  “Provides  policy  and  procedural  guidance  and 
specialized  technical  and  aenagement  support  to  ESD  Deputies  and 
Program  Managers.  .  .  Provides  direct  support  to  ESD  program 
offices  in  selected  functional  areas. “  (Air  Force  Systems 
Command,  1964,  p.  16-6)  In  conclusion,  while  systems  program 
offices  in  Electronic  Systems  Division  appear  to  be  structured 
based  on  functionality,  support  is  provided  from  other 
organizations  to  the  program  manager.  From  the  information  . 
provided  in  the  Organizations  and  Functions  Chart  Book,  the 
matrix  organizataon  structure  is  a  reality  in  the  program 
offices. 

Another  organization  from  Air  Force  Systema  Command  is  the 
Armament  Division  at  Eglin  Air  Force  Base.  Florida.  As  detailed 
in  the  Organization  and  Functions  Chart  Book.  (Air  Force  Systems 
Command,  July  1963)  the  Armament  Division  is  divided  primarily 


between  e  test  and  evaluation  organization  and  a  research 


development,  and  acquisition  organization.  At  one  or  two  levels 
below  each  of  the  above  deputy ■ commanders  are  the  program 
offices.  The  narrative  portion  of  the  chart  book  provides 
insight  into  the  organization  structure  of  the  program  offices. 
For  example,  within  the  research,  development,  and  acqiiisition' 
side  (called  AO/CZ  in  the  chart  book>  of  the  Armament  Division, 
there  is  an  enginiaering  organization  called  the  Deputy  for 
Engineering.  Under  this  deputy,  the  electronics  office  "Provides 
support  to  AD/CZ  program  offices  for  embedded  computer,  resources 
hardware  and  software  design,  documentation  reviews,  and  tear 
programs.  .  (Air  Force  Systems  Command,  1983,  p.  85>  Another 
unit,  the  aeromechanics  office,  "Provides  guided  weapons  systems 
engineering  support  to  AD/CZ  program  offices  by  developing  and 
maintaining  digital  computer  simulazions  to  evaluate  system 
performance,  performance  sensitivity  and  stability  analysis, 
trajectory  and  accuracy ' prediction,  and  flight  analysis."  (Air 
Force  Systems  Command,  1903,  p.  69)  The  Armament  Division 
program  offices  depend  on  other  organizations  for  support 
services  and  are  organized  in  a  matrix  structure. 

'  The  third  organization  is  the  largest  product  division  in 
Air  Force  Systems  Commsnd--the  Aeronautical  Systems  Division  at 
Wright-Patterson  Air  Force  Base,  Ohio.  As  shown  in  the 
Or^janization  and  Functions  Chart  Book.  (Air  Force  Systems 
Command,  June  1981>  the  structure  appears  to  be  functionally 


aligned.  However,  technical  support  is  provided  by  some 
centralized  groups  of  specialists.  For  exaaple,  the  Deputy  for 
Engineering  "Provides  the  system  engineering,  technical 
direction,  and  systems  engineering  management  to  .450  program 
offices.  .  .”  (Air  Force  Systems  Command,  1981,  p.  27i  At  a  lower 

level,  the  Performance  Analysis  Branch  of  the  Propulsion 
Division,  "...  provides  systems  engineering  and  technical 
direction  to  system  program/project  offices  in  the  areas  of 
propulsion  system  performance  analysis  and  analytical  solutions 
to  propulsion  problems."  (Air  Force  Systems  Command,  1981,  p.  3?) 
As  an  example,  the  program  manager  of  an  aircraft  program  office  , 
would  look  to  the  Propulsion  Division  for  engineering  support  and 
technical  assistance  for  propulsion  issues  on  that  particular 
aircraft. 

In  conclusion,  it  is  evident  that  some  program  offices 
within  selected  Air  Force  Systems  Command  product  organizations 
often  require  support  not  immediately  available  within  their 
organizations.  The  matrix  organization  structure  is  one  design 
solution  to  spread  scarce  resources  to  other  organizationc  while 
maintaining  certain  Identities  with  the  functional  areas.  For 
example,  engineers  within  the  F-16  program  office  could  still 
maintain  administrative  and  professional  tiea  to'  the  Deputy  for 
Engineering.  This  is  a  good  coordination  mechanism..within . 
professional  disciplines.  Moreover,  the  mairix  organization 
structure  is  a  good  mechanism  for  maximizing  information  flow 
between  work  units.  A  critical  pieca  of  electrical  engineering 
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design  Information  is  easily  disseminated  from  the  electrical 
engineering  group  to  its  members  throughout  the  various  program 
offices. 

CONCLUSION 

This  chapter  has  transitioned  from  the  relationship  between 
organization  structure  and  technological  innovation  to  how  wc 
integrate  technology  into  Air  Force  weapons  systems  and  the 
organization  structure  of  these  organizations.  The  purpose  is 
to  become  familiar  with  technology  integration  and  organization 
structure  to  determine  if  the  conclusions  from  Chapter  II  can  be 
effectively  applied  to  the  Air  Force  situation.  Specific 
conclusions  from  Chapter  III  include  the  following: 

1.  Most  technology  is  integrated  into  Air  Force  weapons 
systems  via  contracts  managed  through  the  research,  development, 
and  acquisition  process. 

2.  Air  Force  contract  management  personnel  evaluate 
contractor's  organizations  at  two  key  points.  First,  the 
organization  is  analyzed  during  the  evaluation  of  contractor's 
proposals  from  which  the  Air  Force'  selects  a  potential 
contractor.  Second,  the  organization  is  evaluated  during  the 
contract  negotiation  period  prior  to  final  contract  award. 

?.  From  evaluations  of  a  contractor's  organization,  the 
Air  Force  has  influence  over  the  structure  of  the  contractor's 


organization 


4.  Some  technology  la  exploited  directly  by  Air  Force 
personnel  and  contractors  in  Air  Force  laboratories  and,  in  these 
cases,  there  is  direct  control  over  organization  structure. 

5.  Air  Force  Systems  Command  is  organized  by  product 
divisions  at  the  macro-level.  The  basic  production  unit  for 
technology  integration  is  the  program  office. 

6.  The  program  manager  is  the  single  point  of  contact  for 
all  activities  affecting  the  specific  program  office  and  is  held 
accountable  for  timely,  efficient  acquisition. 

7.  The  program  office  is  organized  in  a  matrix  structure 
and  may  depend  upon  other  organizations  for  specialized  support, 
particularly  scarce  engineering  assets. 

In  summary,  the  organization  most  responsible  for 
integration  of  new  technology  into  Air  Force  weapons  systems  is 
the  program  office.  The  program  office  is  organized  in  a  manner 
which  increases  information  flow  into  and  from  the  work  units. 
While  the  Air  Force  r.ontracts  for  most  research  and  development 
efforts  to  integrate  technology  into  weapons  systems,  our 
contracting  process  provides  significant  influence  on  the 
contractor's  organization  structure.  In  the  final  chapter  I  will 
present  overall  project  conclueions  given  the  results  of  the 
analysis  in  Chapters  IZ  and  III.  . 
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CHAPTER  IV 


PROJECT  CONCLUSIONS 


Introduction 


This  final  chapter  presents  the  conclusions  of  the  pro3ect 
and  a  determination  of  the  problem  statement.  Also  included  are 
overall  findings  and  some  recommendations  for  future  research. 
The  purpose  of  this  project  was  to  determine  if  we  could  enhance 
the  integration  of  technology  '’.nto  Air  Force  weapons  systems 
through  organization  structure.  Technology  is  an  important  part 
of  the  United  States'  armed  forces.  The  Organization  of  the 
Joint  Chiefs  of  Staff  writes  in  the  United  States  Military 
Posture  for  FY  1965: 


Technological  progress  increases  the  deterrent 
value  of  US  forces  and  provides  a  hedge  against 
a  Soviet  technological  breakout.  .  .  .  The  import¬ 
ance  of  technology  has  never  been,  more  obvious  than 
it  is  today.  .  .  .  US  and  allied  technological 
leadership  is  even  more  critical  now  because  the 
Soviets  have  fielded  new  equipment  comparable  in 
quality  to  that  produced  in'  the  West.  (Organization 
of  the  Joint  Chiefs  of  Staff,  1984,  p.  16) 


While  previous  information  from  a  former  Commander  of  Air  Force 
Systems  Command  indicated  that  our  technological  superiority  has 
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decreased  in  recent  years,  technology  is  still  a  very  important 
force  multiplier  for  Uni tea  States  and  allied  forces  on  the 
battlefield. 

Proiect  Conclualona 

This  section  summarizes  conclusions  from  Chapters  II  and  III 
and  presents  overall  conclusions  for  the  project  with  the 
objective  of  determining  the  validity  of  the  problem  statement. 
First,  the  primary  conclusion  from  Chapter  II  is  that 

organization  structure  can  affect  technological  innovation.  A 

\ 

second  conclusion  is  that  organizations  which  are  most  likely  to 
adopt  technological  innovations  tend  to  be  large,  centralized, 
specialized,  and  functionally  differentiated. 

From  the  above  two  conclusions.  Chapter  III  addressed  the 
second  part  of  the  problem  statement  to  determine  if  knowledge  of 
the  relationship  between  organization  structure  and  technological 
innovation  can  enhance  integration  of  technology  into  Air  Force 

weapons  systems.  The  approach  in  Chapter  III  was  twofold. 

; 

First,  how  is. technology  actually  integrated  into  weapons 

'n 

systems,  and  second,  what  is  the  structure  of  the  organizations 
responsible  for  weapons  systems  acquisition  and  modernization? 

The  first  conclusion  is  that  the  Air  Force  adopts  technology  into 
weapons  systems  primarily  through  contractors.  However,  the  Air 
Force  has  influence  over  the  organization  structure  of  the 
contractors  through  the  contract,  selection  and  contract 


negotiation  processes.  A  second  conclusion  from  Chapter  III  is 
that  program  offices,  the  organizations  ra.:ponsible  for  acquisi¬ 
tion  of  weapons  systems,  are  organized  in  the  matrix  structure. 

A  project  finding  is  that  it  appears  the  matrix  organization 
structure  is  the  most  appropriate  for  the  program  office  given 
the  information-based  theory  of  organization  structure. 

Baaed  on  the  above  conclusions,  I  conclude  the  problem 
statement,  “Can  organization  structure  enhance  the  integration  of 
new  technology  into  Air  Force  weapons  systems?**  in  the 
affirmative.  All  three  parts  of  the  logic  in  resolving  the 
problem  statement  are  affirmative.  The  subelements  in  the  problem 
statement  are  as  follows: 

1.  There  is  a  relationship  between  organization  structure 
and  technological  innovation. 

2.  Knowledge  of  the  above  relationship  can  be  effectively 
applied  to  organizations  responsible  for  technology  integration 
into  Air  Force,  weapons  systems. 


3.  There  is  empirical  evidence  that  organization  structure 
enhances  technological  innovation  and  recognition  of  the 
relationship  can  affect  technology  integration  into  Air  Force 
weapons  systems. 

One  additional  project  conclusion  not  directly  related  to 
the  problem  statement  is  that  the  program  offices  are  organized 
in  a  manner  which  would  promote  adoption  of  new  technology.  The 
major  program  offices  are  large,  specialized,  centralized  at  the 
program  office  level,  and  somewhat  functionally  differentiated 
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within  the  organization. 

Project  Issues 

There  are  two  issues  that  are  not  project  conclusions  but 
are  contributing  factors  to  the  issue  of  technological  innovation 
in  the  Air  Force.  The  first  issue  is  institutionalism  in  the  Air 
Force.  I  hypothesize  that  the  silltary  nature  of  our  profession 
does  not  encourage  innovation.  Organization  structures,  except 
in  t.ha  few  cases  within  Air  Force  Systes  Cosaanrt  that  have  satrix 
structures,  are  very  rigid  and  by  necessity  sisple  and  direct. 

The  Military  connand  systen  ensures  each  person  is  accountable  to 
a  higher  authority.  While  difficult  to  validate,  it  is  possible 
that  the  Military  institution  discourages  innovation.  Lieutenant 
Colonel  Henry  Staley  in  an  Air  University  article  (Hay-June 
1982),  "Feedback.  .  .  A  unique  key  to  leadership",  addresses  soms 
of  this  institutionalise.  Lieutenant  Colonel  Staley  writes,  "An 
I  suggesting  that  we  overcone  our  basic  natures?  Should  we 
resist  those  aspects  of  USAF  training  and  education  that 
reinforce  the  *yessir,  yessir,  three  begs  full*  Mentality?  Vest 
There  Is  sonething  wrong  here,  and  you  can  senaie  it.*  (Staley,  . 
1982,  p.  62)  The  author  provides  an  alternative  to  this 
institutionalisn  which  suggests  leaders  Must  nake  deterained 
efforts  to  solicit  feedback  from  subordinates.  It  is  these  sane 
attitudes  that  X  hypothesize  provide  barriers  to  technological 
innovation  in  the  Air  Force. 
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A  second  issue  is  that  the  Air  Force  must  ensure  contractors 
do  not  become  mirrors  of  our  own  institution.  From  my  own 
experience  in  the  Hinuteman  missile  program  office  and,  more 
recently,  working  With  the  Ballistic  Hi..sile  Office,  contractors 
occasionally  give  the  Air  Force  only  what  they  expect  we  want  to 
hear.  I  once  was  a  member  of  a  source  selection  committee  and 
several  contractors'  proposals  were  clearly  geared  to  a  military 
briefing  format  that  stressed  order  and  organization  but  were 
weak  in  substance.  While  several  of  the  non-engineer  members  of 
the  committee  were  impressed  by  the  mi 1 itary-type  briefings, 
others  vrere  more  concerned  about,  selecting  a  firm  that  could 
provide  an  innovative  design  at  the  lowest  cost.  In  Blueprint 
for  Tomorrow,  a  joint  Air  Force  and  industry  assessment  of  the 
aerospace  industrial  base  (U.S.  Air  Force.  1964).  there  are 
similar  concerns  about  institutionalism.  The  report  writes.  “An 
a  corollary  to  improved  data  availability,  the  contractors 
organize  in,  a  manner  to  fit  government  orgariizations. **  (U.S.  Air 
Force.  1984.  p.  2-100)  A  more  gloomy  assessment  in  the  same 
report  follows: 

According  to  one  study  participent.  “underlying 
this  aoversarial  relationship  seems  to  be  mutual 
distrust  which  reeultb  in  DOD  increasing 
regulations  and  controls  which,  in  turn  drive 
up  costa.  In  response,  induatry  is  inclined 
to  take  a  *by  the  book*  approach  to  programs 
and  problems  which  diaeeuregee  Innowetlon  and 
experimentation,  and  further  results  in  induatry 
seeking  to  place  am  much  risk  as  possible  on  the  . 
government.**  <U.S.  Air  Force.  1984.  p.  2-101) 

(umphesis  added) 
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Th*  abov*  quota  ia  evidanca  that  in  at  laaat  ona  aarospaca 
axacutiva'a  vlawpoint,  contractors  occasionally  mirror  our  own 
Air  Fores  institutionalism. 

Futura  Rasaarch 

Havinq  concludad  tha  problam  stataaant,  **Csn  wa  anhanca  tha 
intaqrstion  of  naw  tachnoloqy  into  Air  Fores  %»aapons  systams?** 
in  tha  sffirmstiva*  Z  racommand  futura  rasaarch  in  two  srass. 
First,  is  it  possibla  to  datarmina  tha  innovation  climata  in  tha 
Air  Fores?  In  othar  words,  doda  tha  military  institution 
discouraqa  innovation  and/or  ara  military  aambars  not  inclinad  to 
innovata?  Tha  rasults  of  this  rasaarch  would  datarmina  if  thara 
sra  fundaaantal  structural  problaas  to  ovareoma  whan  attampting 
to  innovata  in  tha  military. 

A  sacond  racoaaand|ad  futura  rasaarch  issua  ia  a  study  of  tha 
affact  military  contracts  hava  on  dafansa  contractors.  Ona 
sugqastad  approach  is  to  datarmina  if  thara  ara  organizational 
diffarancas  in  coapanias  that  parfors  pradoainstaly  dafansa*work 
vsrsus  companiss  that  ara  primarily  in  tha  non-dafansa  saetor. 
This  study, has  alraady  prasantad  tha  vast  amount  of  dafansa 
dollars  that  ara  dadiestad  to  rasaarch,  davalopmant,  tsst, 
svaluation,  and  procuramant.  It  would  ba  productiva  to  datarmina 
tha  charaetar  of  soma  of  tha  major  dafansa  contractors  comparad 
to  soma  of  tha  mora  compatitiva  sactors  of  privata  industry. 

Thara  is  potantial  for  significant  cost  savinga  in  this  araa. 
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Ending 


This  projsct  has  dstsrainsd  that  organization  structure  can 
enhance  the  integration  o£  new  technology  into  Air  Force  weapons 
systeas.  Technology  is  an  important  factor  in  the  success  of 
future  battles.  In  1983*  President  Reagan  initiated  an  intensive 
research  and  development  effort  to  determine  if  there  is  a  way  to 
exploit  new  technologies  for  strategic  defense.  The  President 
stated. 

Let  us  turn  to  the  very  strengths  in  technology  that 
spawned  our  great  industrial  base  and  that  have 
given  us  the  quality  of  life  we  enjoy  today.  ... 

I  know  this  is  a  formidable  technical  task,  one  that 
aay  not  be  accomplished  before  the  end  of  this 
century.  Yet.  current  technology  has  attained  a 
level  of  sophistication  where  it  is  reasonable  to 
begin  this  effort. 

(President's  speech  on  military  spending.  1983.  p.  20> 

While  many  people.  Including  military  officera.  have  criticized 
the  Strategic  Defense  Initiative,  it  is  an  effort  that  can 
introduce  significant  changes  in  future  warfare.  We  must  take  the 
necessary  action  to  begin  the  research  in  earnest  and  proceed  on 
high  technology  areas  such  as  the  Strategic  Defonsta  Initiative- 
With  the  proper  organization  structures,  we  can  develop  an 
organizational  climate  that  enhances  technological  innovation  in 
the  military  so  that  wo  can  meet  our  future  national  security 
objectives. 
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